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Abstract 
Objectives: To investigate the functional and structural impact of neonatal hypoxic 
ischaemic encephalopathy (HIE) on childhood visual development.  
Methods: In a prospective study, the neurocognitive outcomes of 42 children with a history 
of neonatal HIE were assessed serially up to five years. For the ophthalmic component of the 
study, visual, refractive, orthoptic and ocular biometry measurements were obtained in 32 
children, with axial length measurements estimated using the IOLMaster. 
Results: For the 32 children who completed the ophthalmic component of the study, 
severity of HIE grade was determined to be mild, moderate, or severe in 18 (56.3%), 13 
(40.6%), and 1 (3.1%) cases, respectively. One (3.1%) child was classed as visually impaired.  
Twelve (37.5%) were found to have ametropia. Mean (± SD) axial length was 22.09 (± 0.81) 
mm, within the normal range for the age of this cohort. Seven of the 42 (16.7%) children who 
were involved in the larger neurodevelopmental arm of the study had clinical evidence of a 
squint. There was no correlation between the severity of HIE grade at birth and axial length or 
occurrence of squint.  
Conclusions: Neonatal HIE is associated with a higher incidence of squint compared with the 
general paediatric population. This occurred irrespective of severity of HIE grade. The ocular 
biometry measurements were consistent with published normative data, and no significant 
difference in ocular biometry was demonstrated between HIE severity groups.  
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Introduction 
Neonatal hypoxic ischaemic encephalopathy (HIE) remains one of the commonest causes of 
acquired neonatal brain injury, affecting approximately three per 1000 term births in the 
developed world with a rate ten times higher in the developing world.
1
 Visual loss is frequently 
associated with neurological disability making perinatal HIE, in term and preterm infants, the 
most common cause of visual disability in developed countries.
2
 While damage to the primary 
visual cortex, visual associative cortex, optic radiations, optic nerves or visual attention 
pathways can occur,
2
 the mechanism of injury and prognosis for recovery is usually unclear.
3
  
 Head growth in early life can be related to the severity of the initial hypoxic insult, and 
result in suboptimal growth and consequent microcephaly.
4
 This may have ophthalmic 
implications as generally the growth pattern of the eye mirrors that of the brain.
5, 6
 Most of the 
postnatal growth of the eye occurs within the first three years of life, with a rapid phase 
acceleration evident from birth to six months of age.
7, 8
 It is uncertain whether perinatal 
ischaemic injury has a negative effect on early ocular growth rate similar to the restriction in 
brain growth. There is a correlation between the impact of HIE on early visual function and 
subsequent neuromotor development,
9 
with increased rates of strabismus usually explained in 
terms of concomitant motor difficulties and/or cerebral palsy.
10
 
 Few studies have followed the visual outcome of children with neonatal HIE to school age 
so limited outcome data are available. Furthermore, to the best of our knowledge, none have 
previously reported detailed ocular biometry. In this paper we report on the ophthalmic 
outcomes, including visual, refractive, orthoptic and ocular biometry measurements of a 
carefully defined prospective cohort of children with neonatal HIE.  
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Subjects and Methods 
Term infants with suspected HIE were recruited between May 2003 and December 2005 from 
the regional maternity service. Inclusion and exclusion criteria for the study, as well as the two 
year and five year neurodevelopmental outcome of this cohort has been previously reported.
11, 12
 
Each infant was assigned a modified Sarnat encephalopathy grade at 24 hours and HIE grade 
was confirmed on serial EEG recordings.
13, 14
 This is an ‘uncooled’ cohort due to being 
recruited in the pre-therapeutic hypothermia era.  
 The current study was part of this longitudinal study which followed the 
neurodevelopmental progress of these children to five years and was approved by the Clinical 
Research Ethics Committee of the Cork Teaching Hospitals. Research protocols were in 
keeping with the tenets of the Declaration of Helsinki. Parents or carers of the children in the 
HIE birth cohort from age three years onwards were contacted and written informed consent for 
the ophthalmic component of the study was obtained.  
 During their ophthalmic assessment, data recorded for each participant were classed as 
demographic, clinical, visual, orthoptic, biometric, and refractive. Clinical data included: 
general medical history; family history of ocular disorders; birth weight (kg); occipito-frontal 
circumference (OFC) (cm); HIE grade; and anterior segment and fundal findings on slit lamp 
biomicroscopy. Visual data included: Snellen, logMAR, or Sheridan-Gardner visual acuity as 
appropriate; and confrontation visual fields assessment by the use of a target gradually moved 
in from the periphery until detected. Orthoptic data were assessed by an experienced orthoptist 
(BH), and included: ocular alignment on cover testing; angle of squint by prism cover testing; 
ocular motility, including convergence; and stereopsis determination by the Lang II stereo test. 
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 All biometric and refractive measurements were performed by a single ophthalmologist 
(MJ). Children underwent both cycloplegic autorefraction and streak retinoscopy, from which 
the spherical equivalent (SE) refractive error for each eye was calculated.  Ametropia was 
defined as SE refraction of ≥ +2.0 D or ≤ -0.5 D in either eye, or astigmatism of ≥ 1.5 D. Ocular 
biometry using the IOLMaster (Carl Zeiss Meditec, Jena, Germany) was used to obtain average 
axial length (mm) and keratometry values (expressed as the mean of the steepest and flattest 
meridian in dioptres (D)).  
 Visual impairment was defined as a visual acuity (unaided or with glasses if worn) of less 
than 6/12 in the better seeing eye. Anisometropia was defined as an interocular difference in SE 
of ≥ 1.0 D. As there were no statistically significant differences between refractive and ocular 
biometry data between right and left eyes, all subsequent analyses used data from a single eye in 
each case following randomisation. Ocular data were analysed using Stata package ver. 8.0 
(StataCorp. 2005; Stata Statistical Software: Release 9.0; College Station, TX). The 
associations between the categorical variables were examined using the Chi-square test, and the 
Mann-Whitney U test was used for continuous variables.  Statistical significance was set at P 
value < 0.05. 
 
 
Results 
Of the 42 children included in the study, parents of 33 children agreed to allow them to 
participate in detailed ophthalmological examinations, while the remaining nine did not wish to 
return for assessment, but agreed to a review of their existing ophthalmology notes. Two 
6 
 
(22.2%) of these nine children had known ophthalmic issues (both with moderate HIE and 
previously diagnosed squint), while there were no visual concerns reported for the other seven. 
 Of the 33 children available for detailed ophthalmological examination, one child with 
severe HIE at birth and severe cerebral palsy was unable to co-operate with biometric 
measurements; however, no gross squint or significant refractive error was noted. Thus, 
complete ophthalmological assessments were available in 32 children. The mean age (± SD) at 
ophthalmic examination was 61.0 (± 9.2) months, (range: 40 to 76 months). Details relating to 
HIE grade and birth parameters are shown in Table 1. There were two (6.3%) children with an 
OFC below the 3
rd
 centile, one with mild and one with moderate HIE.  
 Normal visual fields were found in 27 (84.4%) children, while the remaining five (15.6%) 
had no obvious defect, but had insufficient co-operation to allow reliable assessment. A visual 
acuity in either eye of 6/12 or better was documented in 31 (96.9%) children, and 6/6 or better 
in 29 (90.6%). One (3.1%) child was classed as visually impaired, with a visual acuity of 6/18 
in each eye in the absence of any significant refractive error or ocular pathology. Two (6.3%) 
children were noted to have an amblyopic eye, with a visual acuity of 6/12 or worse, secondary 
to anisometropia.  
 A summary of abnormal ocular outcomes by HIE grade for the 32 children who attended for 
the full ophthalmic section of the study is displayed in Table 2. Five (15.6%) children had 
evidence of a manifest squint: two had accommodative esotropia with hyperopia; another three 
had divergent strabismus with no significant refractive error but had a positive family history of 
squint. There was no statistically significant difference in strabismus rates between the HIE 
grades (P = 1.0). The refractive error, angle of squint, and other notable associations are 
detailed in Table 3. This includes two additional children who had a diagnosis of squint 
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documented in their medical notes from the larger cohort of 42, but did not partake in the full 
ophthalmic assessment arm of the study, bringing the total number of children with confirmed 
squint from the whole cohort to seven (16.7%).  
 No statistically significant difference between refractive data achieved through 
autorefraction and that from retinoscopy was noted (P > 0.05). Following randomisation, mean 
(± SD) SE refractive error was +1.69 (± 1.5) D, with a range of -0.625 D to +6.75 D. Mean 
astigmatism was +0.6 (± 0.7) D, with a range from 0 D to 3.75 D. In total, 12/32 (37.5%) 
children were found to have ametropia; one child (3.1% of sample) was classed as myopic, nine 
(28.1%) as hyperopic, three (9.4%) as having astigmatism (of whom one was also hyperopic). 
Two (6.3%) children were noted to have anisometropia (both were also in the hyperopic group).  
 Analysing ocular biometry data from each of the randomised eyes (Table 2), the mean (± 
SD) axial length was 22.09 (± 0.81) mm (range, 20.63 – 24.77 mm). There was a positive 
correlation between axial length and age (rho = 0.4919), with children over 60 months of age 
having a statistically significant longer median axial length than those under 60 months (P = 
0.039). Otherwise, there were no statistically significant differences between the ocular 
biometric parameters (axial length, SE, or keratometry) and age, sex or HIE grade (mild versus 
moderate) on univariate analysis.  
 
 
Discussion 
We have described the detailed ophthalmic outcomes of a prospective cohort of children 
following neonatal HIE, who were born prior to the introduction of therapeutic hypothermia for 
moderate-severe HIE. A recent Cochrane review of the effects of therapeutic hypothermia in the 
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management of neonatal HIE suggested a non-significant reduction in blindness in infants who 
were cooled.
15
 The randomised controlled trials reviewed focused on infants with moderate to 
severe encephalopathy only, whereas our data adds significantly to the limited knowledge that 
is available for outcomes following mild HIE.  
  Visual impairment in early life interferes with visual exploration at a critical time of 
neuronal maturation in the occipital lobes, and has been shown to have a negative impact on 
visual function at school age.
16, 17
 The prevalence rate of visual impairment in Caucasian 
children of seven years of age in a British population-based study was found to be 0.5%.
17
 
While higher than this, the rate of visual impairment in our study would still be considered low 
(3.1%), with no child having clinically observable restriction of their visual fields, and only one 
child found to have visual impairment where acuity was worse than 6/12 in both eyes. This 
child had mild HIE, but had no significant refractive or other ocular cause for reduced vision, 
raising the possibility of cortical impairment or injuries to the inner retina.
18, 19
 The rate of 
adverse visual outcomes in our study was lower than those found by Mercuri et al.,
16
 which may 
be due to differences between the cohorts with respect to Apgar criteria, classification and 
severity of HIE grade. Our cohort included those with mild HIE who would be expected to have 
a better outcome. In addition, at five years, very few children with severe grade HIE were still 
alive, or able to co-operate for a complete examination due to severe motor or intellectual 
difficulties.  
 Consistent with other studies showing increased risk of strabismus in school aged children 
with a history of neonatal encephalopathy,
16, 20
 our incidence of manifest squint of 16.7% 
exceeds that which would be expected in a healthy childhood population of between 1.5 and 
2.8%.
17, 21-23
 One explanatory hypothesis proposes that adverse intrauterine and perinatal events 
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during a critical period of brain development may disrupt the prenatal programming of 
coordination and control of eye movements.
22
 Cerebral visual impairment of hypoxic-ischaemic 
origin is associated with higher rates of ocular motility disorders, including saccadic initiation 
failure, absence of pursuit, nystagmus, and variable angle squint.
24, 25 
  
 Our cohort  was predominantly white European, whose mean SE refractive error of +1.69 D 
is close to that found in both a Spanish and an American study involving healthy Caucasian 
children of an equivalent age.
26, 27
  Additionally, rates of myopia and hyperopia in our study 
were similar to that found in population-based data involving Northern Irish children with a 
comparable age and race profile.
28
 Therefore, it appears that mild and moderate HIE does not 
confer any additional risk with respect to the development of refractive error in early childhood. 
 There are well-established links between biometric measurements of the eye and brain, with 
respect to size and growth rates.
5, 6
 Axial length increases with age in the paediatric population, 
7, 8
 so it is unsurprising that there was a significant difference in axial length comparing those 
under and over the age of five years. However, we found no correlation between axial length 
measurements and severity of HIE grade in our cohort of children with mostly mild and 
moderate HIE. Indeed, the mean axial length in our cohort of 22.09 mm is close to the expected 
normative value from a published algorithm for early eye growth,
7
 and similar to that noted in a 
group of healthy Spanish Caucasian children of an equivalent age.
27
 Mean keratometric 
measurements were also similar to what would be expected in this age group.
29
  
 One of the strengths of our study was the inclusion of ocular biometry data measured with 
the IOLMaster, which is reported to be superior to ultrasound, and should be the standard for 
the precision and repeatability of axial length measurements in children.
30
 A limitation of our 
study was the absence of serial axial length measurements from an earlier age in each child. 
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However, cooperation with detailed ocular examinations at a younger age is difficult to achieve 
and less acceptable to parents.
8
 Therefore, we cannot rule out a delay in early ocular growth 
rates before reaching this end point, or if the resulting excess hypermetropia and visual blur 
may have acted to reverse this trend and stimulate growth in support of an active model of 
emmetropization.
31
 Also, as only two of the children in our cohort had microcephaly, we could 
not determine whether ocular axial length was restricted in a similar way to that of brain 
growth. Neither could we confirm whether birth parameters such as gestational age and birth 
weight have an impact on ocular biometry results, as only full-term babies were included in our 
cohort, and just three had low birth weight.  
 Although children with severe HIE would be more likely to have microcephaly and possibly 
shorter axial lengths, there are difficulties in recruiting and retaining this cohort due to the high 
rate of mortality and disability. However, this remains, to our knowledge, the largest 
prospective study of ophthalmic outcomes in a HIE cohort, and the only one with detailed 
ocular biometric data. In conclusion, we found no increase in refractive error or change in 
ocular axial length measurements in surviving children with a history of neonatal HIE. We have 
confirmed a higher rate of squint in this cohort, in both mild and moderate HIE. Therefore, we 
suggest that infants with HIE of any grade should undergo an ophthalmic assessment in early 
childhood as part of their overall neurodevelopmental follow-up. 
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Table 1  Details of birth parameters by HIE grade for children who attended for 
ophthalmic examination. 
 
  
HIE Grade P 
value* Mild Moderate Severe 
Gender 
   
    Male, n (%) 13 (61.9) 7 (33.3) 1 (4.8) 
    Female, n (%) 5 (45.5) 6 (54.5) 0 (0.0) 
 
   All, n (%) 18 (56.3) 13 (40.6) 1 (3.1) 0.29 
    
 Birth weight (kg) 
   
    Median (range) 3.57 (2.08 – 4.04) 3.30 (1.83 – 4.2) 3.43 0.56 
   Low birth weight,** n 
(%) 
2 (11.1) 1 (7.7) 0 (0) 
 
    
 Head circumference (cm) 
 
  
    Median (range) 36 (32 – 40) 36 (31.5 – 37.4) 36.8 0.53 
     *P value relates to mild and moderate HIE groups. 
  **Birth weight less than 2.5kg. 
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Table 2  Summary of ocular findings for children who attended the full ophthalmic section of the study, including refractive and 
ocular biometry data of the randomised eye by severity of HIE grade. 
  
HIE Grade P 
value* Mild, n = 18 Moderate, n = 13 Severe, n = 1 All grades, n = 32 
Visual acuity ≤ 6/18, n (%) 1 (5.6) 0 (0) 0 (0) 1 (3.1) 1.0 
      
Presence of strabismus**, n (%) 3 (16.7) 2 (15.4) 0 (0) 5 (15.6) 1.0 
      
Keratometry (D), mean (± SD) 43.15 (± 1.66) 43.26 (± 1.24) 42.61 43.20
†
 (± 1.45) 0.83 
      
SE refractive error (D), mean (± 
SD) 
+1.99 (± 1.72) +1.46 (± 0.97) -0.63 +1.69 (± 1.50) 0.21 
      
Axial length (mm), mean (± SD) 
     
   Age range: 40-60 months 21.62 (± 0.75) 21.85 (± 0.55) 22.04 21.74 (± 0.64) 
 
   Age range: 61-76 months 22.52 (± 1.01) 22.22 (± 0.48) 
 
22.40 (± 0.82)
‡
 
 
   All ages 22.12 (± 0.99) 22.05 (± 0.53) 22.04 22.09 (± 0.81)  0.81 
            
      D = diopters; SE = spherical equivalent. 
*P value relates to mild and moderate HIE groups. 
    
**Strabismus defined as the presence of a manifest deviation on cover testing. 
†Equivalent to a mean corneal radius of curvature of 7.81 mm. 
‡P = 0.039 with respect to the difference in mean axial length between the age groups. 
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Table 3  Subgroup characteristics of children who had manifest strabismus. 
# Gender 
Age 
(months) 
HIE grade Squint type 
Angle of 
squint at 
1/3m 
(prism 
diopters) 
Lang 
stereo test 
SE 
refractive 
error (D)* 
Other visual 
findings 
1 Female 74 Mild Exotropia 12 4/4 +1.125 Convergence 
insufficiency 
2 Male 76 Mild Esotropia 20 4/4 +1.875  
3 Male 47 Mild Exotropia 45 4/4 +2.375 Saccades 
initiation 
failure 
4 Female 61 Moderate Exotropia 20 4/4 +1.75  
5 Male 60 Moderate Esotropia 12 4/4 +4.625  
6** Female ** Moderate Exotropia ** ** **  
7** Female ** Moderate Exotropia ** ** **   
 
        D = diopters; SE = spherical equivalent. 
*SE refractive error is of the eye with the greater refractive error.  
**These two additional children with a confirmed history of squint from orthoptist notes were participants of the 
main HIE study group, but were not from the 32 who attended for the full ophthalmic assessment part of the study. 
As a result, some of their ocular and refractive data are omitted. 
 
